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RESUMEN
Este estudio presenta un análisis de factores de gran escala para entender por qué la frecuencia de formación 
GHFLFORQHVWURSLFDOHV&7HQODFXHQFDGHO3DFt¿FRQRURFFLGHQWDOIXHH[WUHPDGDPHQWHEDMDGXUDQWHODWHP-
porada 2010. Se calculó el índice de génesis potencial (GPI, por sus siglas en inglés) que, en cierto sentido, 
SXHGHUHSUHVHQWDUODGLVWULEXFLyQHVSDFLDOGHIRUPDFLyQHQ6LQHPEDUJRHO*3,QRSXHGHH[SOLFDU
ODIUHFXHQFLDH[WUHPDGDPHQWHEDMDREVHUYDGDHQGLFKRDxR1RVHHQFRQWUyXQDUHODFLyQUREXVWDHQWUHHO
Q~PHURGH&7\HOIHQyPHQR(O1LxR2VFLODFLyQGHO6XU(1266HOOHYyDFDERXQDFRPSDUDFLyQHQWUH
HODxRPiVLQDFWLYR\HODxRPiVDFWLYRHQGLFKDFXHQFDEDVDGDHQXQíndice de diferencia 
GHFDMD HOFXDOSHUPLWHPHGLUFXDQWLWDWLYDPHQWHODGLIHUHQFLDHQWUHIDFWRUHVDPELHQWDOHVGHJUDQHVFDOD6H
encontró que los factores dinámicos son importantes para diferenciar la formación de CT en la cuenca del 
3DFt¿FRQRURFFLGHQWDOHQWUH\/DQRWDEOHGLIHUHQFLDGHODFLUFXODFLyQPRQ]yQLFDHQGLFKDFXHQFD
HQWUHHVRVGRVDxRVSXHGHVHUODFDXVDGHODGLIHUHQFLDHQFLFORJpQHVLV/DVFRQGLFLRQHVGHVIDYRUDEOHVSDUD
ODFLFORJpQHVLVHQSXGLHURQGHEHUVHDODLQÀXHQFLDGHRWURVIDFWRUHVGHJUDQHVFDODWDOHVFRPROD
GpELODFWLYLGDGDVRFLDGDDOD2VFLODFLyQGH0DGGHQ-XOLDQGXUDQWHHOSLFRGHODWHPSRUDGDFLFOyQLFDHO
DXPHQWRGHODWHPSHUDWXUDVXSHU¿FLDOGHOPDUREVHUYDGRHQHO2FpDQRÍndico, lo cual originó el desarrollo 
GHXQDQWLFLFOyQVREUHODFXHQFDFLFORJHQpWLFDGHO3DFt¿FRQRURFFLGHQWDO\HOPRYLPLHQWRKDFLDHORHVWHGH
ODYDJXDGDPRQ]yQLFD\HOFDPELRGHIDVHGHOD2VFLODFLyQ'HFDGDOGHO3DFt¿FRPiVQHJDWLYD\ORVGRV
HSLVRGLRVIXHUWHVGH/D1LxDTXHVHKDQGHVDUUROODGRGHVGH
ABSTRACT
7KLVVWXG\DWWHPSWVWRXQGHUVWDQGZK\WKHIUHTXHQF\RIWURSLFDOF\FORQHV7&RYHUWKHZHVWHUQ1RUWK3DFL¿F
:13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QXPEHUDQG(O1LxR6RXWKHUQ2VFLOODWLRQ(162ZDVIRXQG$FRPSDULVRQRIWKHH[WUHPHLQDFWLYH7&\HDU
DQGH[WUHPHDFWLYH\HDUZDVSHUIRUPHGEDVHGRQWKHER[GLIIHUHQFHLQGH[WKDWFDQPHDVXUHWKH
TXDQWLWDWLYHGLIIHUHQFHRIODUJHVFDOHHQYLURQPHQWDOIDFWRUV'\QDPLFIDFWRUVZHUHIRXQGWREHLPSRUWDQW
LQGLIIHUHQWLDWLQJ7&IRUPDWLRQRYHUWKH:13EDVLQEHWZHHQDQG7KHUHPDUNDEOHGLIIHUHQFH
RIPRQVRRQÀRZV LQ WKH:13EDVLQEHWZHHQ WKHVH WZR\HDUVPD\EH WKHFDXVHRI WKHGLIIHUHQFH LQ7&
IRUPDWLRQ7KHXQIDYRUDEOHFRQGLWLRQVIRU7&JHQHVLVLQPD\KDYHDOVREHHQGXHWRRWKHUODUJHVFDOH
IDFWRUVVXFKDVZHDNDFWLYLW\RIWKH0DGGHQ-XOLDQ2VFLOODWLRQGXULQJWKHSHDNVHDVRQZDUPLQJRI
the sea surface temperature in the tropical Indian Ocean during the peak season, causing the development 
354 H. Zhao and G. B. Raga
RIDQDQWLF\FORQHRYHUWKH:13EDVLQDQGDVVRFLDWHGZLWKWKHZHVWZDUGPRWLRQRIWKHPRQVRRQWURXJKDQG 
WKHSKDVHFKDQJHRIWKH3DFL¿F'HFDGDO2VFLOODWLRQPRUHQHJDWLYHDQGWKHWZRVWURQJ/D1LxDHYHQWV
WKDWKDYHHYROYHGVLQFH
.H\ZRUGV7URSLFDOF\FORJHQHVLVZHVWHUQ1RUWK3DFL¿FODUJHVFDOHIDFWRUV
 ,QWURGXFWLRQ
The tropical cyclone (TC) genesis frequency over 
WKHZHVWHUQ1RUWK 3DFL¿F :13 EDVLQ LQ 
ZDVH[FHSWLRQDOO\ ORZ ,IQRWRWKHUZLVH VSHFLDOO\
GH¿QHGWKH:13EDVLQUHIHUVWRWKH:13EDVLQDQG
the South China Sea (SCS) as shown in Figure 1 in 
WKLVVWXG\2QO\7&VZHUHREVHUYHGLQRYHU
WKH:13EDVHGRQWKHEHVWWUDFNGDWDDUFKLYHGIURP
WKH-RLQW7\SKRRQ:DUQLQJ&HQWHU-7:&FRQVWL-
tuting the lowest TC frequency since the weather 
VDWHOOLWHVEHJDQWKHLUURXWLQHPRQLWRULQJLQ,Q
FRQWUDVWSUHVHQWHGWKHKLJKHVWQXPEHURI7&
RYHUWKH:13EDVLQVLQFHZKHQWKH'YRU-
ak technique was used for estimating TC intensity. 
:KLOHSUHVHQWLQJDYHU\ODUJHQXPEHURI7&V
LVQRWWKHUHFRUGKLJKVLQFH7&VZHUHREVHUYHG
LQDQGKRZHYHUWKHWRWDO7&FRXQWLQ
WKRVH\HDUVPD\EHELDVHGGXH WR WKHXQFHUWDLQW\
in the TC intensity data record. Several previous 
VWXGLHV&KDQ/DQGVHDet aO/DQGVHD
.RVVLQet aOKDYHVXJJHVWHGWKDWWKH
uncertainty in the determination of the intensity of 
historical TCs might lead to inconsistencies in the 
UHFRUGV(PDQXHOH[WHQVLYHO\GLVFXVVHGWKH
evolution in measurement and estimation techniques 
introduced in historical records of TC wind speeds 
and provided additional evidence supporting the 
QHHGIRUDGRZQZDUGDGMXVWPHQWRI7&LQWHQVLWLHV
LQHDUO\UHFRUGVSULRUWR8VLQJWKHLQWHQVLW\
PRGHOGHYHORSHGE\(PDQXHOet aO (2008), which 
LVDQD[LV\PPHWULFQXPHULFDODWPRVSKHULFPRGHO
coupled with a simple on-dimensional ocean model, 
WKHEDVLQZLGH7&LQWHQVLW\LQWKH-7:&GDWDVHWFDQ
EHUHDVRQDEO\UHSURGXFHGLQWHUPVRIWKHLQWHUDQQXDO
and inter-decadal variations and climate trend in TC 
UHFRUGVDIWHUZKLOHLQWHQVLW\FKDQJHVDUHQRW
consistent with the dynamically-derived intensities 
RYHU WKHSHULRG :XDQG=KDR
Zhao, et aO 2014). Therefore, in this study the low 
QXPEHUV REVHUYHG GXULQJ WKH  VHDVRQ DUH LQ
stark contrast to the record high TC frequency in 
)LJD6LPLODUUHVXOWVDUHDOVRIRXQGZKHQ
RQO\FRQVLGHULQJWKHSHDN7&VHDVRQ-XO\2FWREHU
)LJE$7&ZLWKVXVWDLQHGPD[LPXPZLQGVRI
NQRWVRUDERYHLVFRQVLGHUHG
7KH H[WUHPHO\ ORZ7& DFWLYLW\ LQ  KDV
not received much attention from the community, 
although operational agencies and studies had re-
SRUWHGWKHIDFWDQGJDYHVRPHSRVVLEOHTXDOLWDWLYH
H[SODQDWLRQV0DXH7KH(O1LxR6RXWKHUQ
Oscillation (ENSO) condition was suggested as the 
most important determinant factor. Indeed, a strong 
/D1LxDHYHQWGHYHORSHGLQWKHVXPPHURIWKHUH-
FRUGORZ\HDURIZKLOHDPRGHUDWH(O1LxR
event occurred in the peak season of the record high 
\HDURI)LJF6WXGLHVDOVRVXJJHVWWKDWWKHUH
LVQRUREXVWUHODWLRQVKLSEHWZHHQ(162DQGWKH7&
QXPEHULQWKH:13EXWDUHPDUNDEOHVRXWKHDVWHUQ
VKLIW LQ ORFDWLRQRI7& IRUPDWLRQGXULQJ(O1LxR
\HDUVFRPSDUHG WR WKDWGXULQJ/D1LxD\HDUVFDQ
EHIRXQG:DQJDQG&KDQ&KX=KDR
et aO, 2010). Thus, the ENSO condition does not 
VHHPWREHVXI¿FLHQWLQWRDFFRXQWIRUWKHORZ7&
IUHTXHQF\LQ,WLVDOVRRILQWHUHVWWRH[DPLQH
WKHPRGXODWLRQRI7&JHQHVLVE\WKH/D1LxD
EDFNJURXQG
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Fig. 1. A map with different geographic location for several 
NH\ VSHFL¿F UHJLRQV XVHG LQ WKLV VWXG\ WKH WURSLFDO
,QGLDQ2FHDQ7,26WR1WR(
WKHHDVWHUQ,QGLDQ2FHDQ(,26WR1
WR(WKH6RXWK&KLQD6HD6&6HTXDWRUWR
1WR(DQGWKHZHVWHUQ1RUWK3DFL¿FEDVLQ
HTXDWRUWR1WR(
355Low TC activity in 2010 over the WNP basin
,QDGGLWLRQ WR WKH LQWHUDQQXDOYDULDELOLW\RI7&
DFWLYLW\ LQ WKH:13EDVLQ7& DFWLYLW\ LV FORVHO\
DVVRFLDWHGZLWKLQWUDVHDVRQDODWPRVSKHULFYDULDELOLW\
DOVRNQRZQDVWKH0DGGHQ-XOLDQ2VFLOODWLRQ0-2
0DGGHQDQG-XOLDQ/LHEPDQQet aO%HV-
VD¿DQG:KHHOHU+DUU.LPet aO, 2008). 
/LHEPDQQet aO  IRXQG WKDW7& IRUPDWLRQ 
IUHTXHQF\RYHUWKH:13EDVLQLVODUJHUWKDQRYHUWKH
Indian Ocean, preferentially during the convective 
SKDVHRIWKH0-27KHDVVRFLDWHGORZOHYHOF\FORQLF
relative vorticity and convergence anomalies appear 
poleward and westward of the large-scale convective 
DQRPDO\6XEVHTXHQWO\.LPet aO (2008) discussed 
WKH0-27&UHODWLRQVKLSXQGHUWKHGLIIHUHQW(162
FRQGLWLRQVDQGSURSRVHGDSRVVLEOHK\SRWKHVLVRIDQ
HQKDQFHG0-27&UHODWLRQVKLSGXULQJ(O1LxR\HDUV
DQGDZHDNHQHG0-27&UHODWLRQVKLSGXULQJ/D1LxD
\HDUV7KHXQGHUO\LQJPHFKDQLVPE\ZKLFKWKH0-2
modulates TC activity under the ENSO condition 
UHPDLQVDVXEMHFWRILQWHQVHLQYHVWLJDWLRQ
Several recent studies have focused on the in-
ÀXHQFHRIDWPRVSKHULFFLUFXODWLRQVDVVRFLDWHGZLWK
changes in sea surface temperature (SST) in the 
tropical Indian Ocean (TIO) and TC activity in the 
:13EDVLQ;LHet aO'Xet aO, 2011). Based 
RQERWKREVHUYDWLRQVDQGPRGHOVLPXODWLRQV;LHet 
aOSURSRVHGDSRVVLEOHPHFKDQLVPLQZKLFK
the TIO warming acts like a capacitor, anchoring 
DWPRVSKHULFDQRPDOLHVRYHUWKH,QGRZHVWHUQ3DFL¿F
oceans. It causes tropospheric temperature to increase 
E\DPRLVWDGLDEDWLFDGMXVWPHQWLQGHHSFRQYHFWLRQ
HPDQDWLQJDEDURFOLQLF.HOYLQZDYHLQWRWKH3DFL¿F
,QWKH:13EDVLQWKLVHTXDWRULDO.HOYLQZDYHLQGXF-
es northeasterly surface wind anomalies, and the re-
sultant divergence in the suEWURSLFVLVUHVSRQVLEOHIRU
suppressed convection and the anomalous presence of 
DQDQWLF\FORQH'Xet aO (2011) further discussed the 
LQÀXHQFHRIWKH667LQWKHWURSLFDO,QGLDQ2FHDQRQ
TC activity in the WNP during the summer follow-
LQJVWURQJ(O1LxR\HDUV,QGHSHQGHQWO\=KDQet aO 
DEDOVRIRXQGWKDWWKHLQWHUDQQXDOYDULDWLRQ
RI7&QXPEHULQWKH:13LVFORVHO\DVVRFLDWHGZLWK
the SST in the eastern Indian Ocean (EIO). Because 
of the role of the remote forcing from the Indian 
Ocean, results of these studies are potentially useful 
IRUVHDVRQDOIRUHFDVWRI7&LQWKH:13EDVLQ
,QWKLVVWXG\ZHH[DPLQHWKHLQÀXHQFHRIODUJH
VFDOHFLUFXODWLRQVLH(1620-2DQG667LQWKH
TIO and relate them to TC activity to shed light on 
WKHORZHVWUHFRUGHG7&JHQHVLVIUHTXHQF\REVHUYHG
LQRYHUWKH:13EDVLQ7KHUHPDLQGHURIWKLV
VWXG\LVRUJDQL]HGDVIROORZV6HFWLRQGHVFULEHVWKH
data and methodology used and Section 3 discusses 
WKHPRGXODWLRQRI7&JHQHVLVE\(162EDFN-
JURXQG7KHLQÀXHQFHRI0-2RQ7&JHQHVLVLV
H[DPLQHGLQ6HFWLRQZKLOHWKHHIIHFWRIWKHWURSLFDO
36 Annual TC frequency (Mean = 25.91 / STD = 5.03)(a)
32
28
24
20
16
12
1965 1970 1975 1980 1985 1990 2000 2005 20101995
Peack Season TC frequency (Mean = 17.67 / STD = 3.59)(b)
Nino-3.4 SST anomalies(c)
32
28
24
20
16
12
8
3
2
1
0
–1
–2
–3
1965 1970 1975 1980 1985 1990 2000 2005 20101995
1965 1970 1975 1980 1985 1990 2000 2005 20101995
Fig. 2. Time series of TC frequency for (a) annual TC 
VHDVRQDQGESHDN-XO\ WR2FWREHU F1LxR
667DQRPDOLHVLQGH[&DYHUDJHGRYHUWKHSHDN7&
VHDVRQLQWKHZHVWHUQ1RUWK3DFL¿FEDVLQDFFRUGLQJ
to the method of Wang and Chan (2002). The selected 
ZDUPFROG\HDUVDUHVKRZQLQUHGEOXHEDUVZLWK
SST anomalies greater than a standard deviation (red 
OLQHVZLWKZKLWHEDUVIRUQHXWUDO\HDUV
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Indian Ocean on 2010 TC genesis is investigated in 
6HFWLRQ  )LQDOO\ D VXPPDU\ DQG GLVFXVVLRQ DUH
JLYHQLQ6HFWLRQ
 'DWDDQGPHWKRGRORJ\
7KH7&GDWDLQWKH:13EDVLQLVEDVHGRQWKHEHVW
WUDFN7&GDWDVHW IURP WKH -7:&ZKLFK LQFOXGHV
central location and intensity of tropical storms and 
W\SKRRQVDWDVL[KRXULQWHUYDO,QWKLVVWXG\ZHDQD-
O\]HWKHSHULRGIURPWRIURPWKHEHJLQQLQJ
of satellite meteorology. In addition, we focus on the 
SHDN7&VHDVRQIURP-XO\WR2FWREHU-$62GXULQJ
ZKLFKRQDYHUDJHPRUHWKDQ7&VRFFXUUHGHDFK
year. The selection of peak season has three other rea-
sons. First, the TC frequency during the peak season of 
LVDOVRWKHORZHVWUHFRUGHGVLQFH)LJE 
6HFRQGWKHFRUUHODWLRQEHWZHHQWKHDQQXDO7&QXP-
EHUVDQGWKHSHDNVHDVRQQXPEHULVDERXWZKLFKLV
VWDWLVWLFDOO\VLJQL¿FDQWDWDFRQ¿GHQFHOHYHO$QG
WKLUGWKHSK\VLFDOPHFKDQLVPVDUHEHWWHUXQGHUVWRRG
for this time window within TC seasons.
7RH[DPLQHWKHLQÀXHQFHRIWKH/D1LxDUHODW-
ed climate conditions on TC genesis, atmospheric 
YDULDEOHV LH UHODWLYH KXPLGLW\ZLQG DLU WHP-
SHUDWXUH VSHFL¿F KXPLGLW\ DUH GHULYHG IURP WKH
1&(31&$5PRQWKO\ UHDQDO\VLV GDWDVHWZLWK D
 î  ORQJLWXGHODWLWXGH UHVROXWLRQ .DOQD\
et aO7KHPRQWKO\H[WHQGHGUHFRQVWUXFWHG
667GDWDYHUVLRQEIURPWKH12$$6PLWKDQG
Reynolds, 2004) is used to stratify the ENSO years 
DQGWRLQYHVWLJDWHWKHLQÀXHQFHRIWKHZDUPLQJLQ
the tropical Indian Ocean on 2010 TC genesis. The 
1LxR VHD VXUIDFH WHPSHUDWXUH DQRPDOLHV 66-
TAs) from the Climate Prediction Center are used 
WR LGHQWLI\ WKH(O1LxRDQG/D1LxD\HDUVZLWKD
VWDQGDUGGHYLDWLRQVLPLODUWRWKHGH¿QLWLRQLQ:DQJ
and Chan (2002). As shown in Figure 2c, the years 
with a SSTA larger (less) than 0.81 C (–0.81 C) 
DUHGH¿QHGDV(O1LxR/D1LxD\HDUV7KXVQLQH
(O1LxR\HDUV
  DQG  DQG HLJKW /D1LxD \HDUV
       DQG
2010) are selected for the present study.
The daily interpolated outgoing long-wave radi-
DWLRQ2/5GDWD/LHEPDQQDQG6PLWKIURP
WKH12$$SRODURUELWLQJVDWHOOLWHVRQD[
ODWLWXGHORQJLWXGHJULGDUHXVHGDVDSUR[\IRUGHHS
FRQYHFWLRQWRHYDOXDWHWKHLQÀXHQFHRI0-2RQ7&
formation. 
 6WDWLVWLFDODQDO\VHVRIWURSLFDOF\FORQHDFWLYLW\
LQ
$VPHQWLRQHGDERYH WKH VWURQJ/D1LxDFRQGLWLRQ
DSSHDUVQRWWREHDGRPLQDQWIDFWRUIRUWKHORZHVW7&
QXPEHU LQ1HYHUWKHOHVVJLYHQ WKH LPSDFWRI
(162RQFLUFXODWLRQDQRPDOLHVLQWKH3DFL¿F2FHDQ
it is instructive to know how TC activity responds to 
(1627KHDYHUDJH7&QXPEHUGXULQJWKHSHDNVHDVRQ
LVDERXWDQGIRU(O1LxRDQG/D1LxD\HDUV
UHVSHFWLYHO\7KHGLIIHUHQFHRI7&QXPEHUEHWZHHQ
(O1LxRDQG/D1LxD\HDUVLVMXVWZKLFKLVQRW
VWDWLVWLFDOO\ VLJQL¿FDQW DW D FRQ¿GHQFH OHYHO
consistent with results in previous studies (Wang and 
&KDQ&KX&DPDUJRDQG6REHO
Zhao et aO+RZHYHUDVLJQL¿FDQWGLIIHUHQFH
EHWZHHQ(O1LxRDQG/D1LxD\HDUV LVREVHUYHG LQ
terms of the genesis location, as shown in Figure 3. A 
pronounced eastward and southward shift in the TC 
IRUPDWLRQ UHJLRQ LVREVHUYHGGXULQJ(O1LxR\HDUV
FRPSDUHGWR/D1LxD\HDUV)RUWKHW\SLFDO/D1LxD
year of 2010, the mean TC formation latitude and 
ORQJLWXGHLV1DQG E. This westward shift 
LVTXLWHUHPDUNDEOHIURPWKHDYHUDJHSRVLWLRQGXULQJ
(O1LxR\HDUV1DQG E). Note that the 
DYHUDJH7&IRUPDWLRQORFDWLRQLQVSHFL¿F\HDULV
seYeQ GeJreesLQORQJLWXGHZHVWZDUGIURPWKH/D1LxD
DYHUDJH N and 134 E). Particularly, a decrease 
LVVHHQLQ7&QXPEHUVRQO\¿YH7&VIRUPHGVRXWK
of 20 N and east 120 E in 2010, which is similar to 
WKHFDVHRIWKH\HDUIROORZLQJDVWURQJ(O1LxR\HDU
'Xet aO, 2011).
To investigate the key factors for the low frequen-
F\REVHUYHGLQWKHJHQHVLVSRWHQWLDOLQGH[*3,
(Emanuel and Nolan, 2004) is adopted in this study, 
ZKLFKKDVEHHQH[WHQVLYHO\XVHGLQRWKHUVWXGLHVHJ
Camargo et aO(PDQXHOet aO, 2008). The GPI 
LVGH¿QHGRQWKHEDVLVRIIRXUIDFWRUV
3
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where όLVWKHDEVROXWHYRUWLFLW\DWK3DV–1), H 
LV WKH UHODWLYHKXPLGLW\ DW K3D 9pot is the 
potential intensity (ms–1DQG9shear is the magnitude 
RIWKHYHUWLFDOVKHDURIWKHKRUL]RQWDOZLQGEHWZHHQ
DQGK3DPV–17KHSRWHQWLDOLQWHQVLW\9pot 
FDQEHFRPSXWHGDFFRUGLQJWRWKHDOJRULWKPRI%LVWHU
and Emanuel (2002), who consider SST and vertical 
SUR¿OHVRIWHPSHUDWXUHDQGVSHFL¿FKXPLGLW\LQWKHWUR-
SRVSKHUH9potLVGH¿QHGE\WKHIROORZLQJH[SUHVVLRQ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*2 ( )bs kpot
o D
T CV CAPE CAPE
T C
=  (2)
where 7s is SST, 7RLVWKHPHDQRXWÀRZWHPSHUDWXUH
DWWKHOHYHORIQHXWUDOEXR\DQF\&kLVWKHH[FKDQJH
FRHI¿FLHQWIRUHQWKDOS\&' LV WKHGUDJFRHI¿FLHQW
&A3(*LVWKHFRQYHFWLYHDYDLODEOHSRWHQWLDOHQHUJ\
(CAPE) of air lifted from saturation at sea level in 
reference to the environment sounding, and &A3(E is 
WKH&$3(RIERXQGDU\OD\HUDLU%RWKTXDQWLWLHVDUH
HYDOXDWHGQHDUWKHUDGLXVRIPD[LPXPZLQG
Figure 4a shows the overall GPI anomalies in 2010 
compared to climatology. An east-west dipole in the 
*3,GLVWULEXWLRQLVHYLGHQWZLWKSRVLWLYHDQRPDOLHV
FRQILQHGPDLQO\ WR WKHZHVW RI ( QHDU(DVW
$VLD DQGQHJDWLYH DQRPDOLHV WR WKH HDVWRI(
LQ WKHRSHQRFHDQ)LJXUHEGLVSOD\V WKHREVHUYHG
TC genesis anomalies in 2010. Although an area of 
SRVLWLYHJHQHVLVDQRPDOLHVLVDOVRREVHUYHGQHDUWKH
East Asian coast, the large GPI anomalies over the 
Philippines and the South China Sea seen in Figure 4a 
do not correspond to positive genesis anomalies in 
)LJXUHE,QIDFWJHQHVLVDQRPDOLHVDUHQHJDWLYHRYHU
the Philippines and near the long-term mean over the 
6RXWK&KLQD6HDLQ)LJXUHE$FFRUGLQJWRWKH*3,
analysis, we found that the proposed GPI (Emanuel and 
Nolan, 2004) is not a perfect surrogate for representing 
WKH7&JHQHVLVLQWKH:13EDVLQDOWKRXJKLWFDQWR
VRPHH[WHQWUHSUHVHQWWKHVSDWLDOGLVWULEXWLRQRIIRUPD-
WLRQ7KHSDWWHUQFRUUHODWLRQEHWZHHQWKHRYHUDOO*3,
)LJDDQGWKHREVHUYHGJHQHVLVDQRPDOLHV)LJE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(a) Observation
)LJD2EVHUYHG7&JHQHVLVDQRPDOLHVLQ-$62
FRPSDUHG WR FOLPDWRORJLFDOPHDQ  DQG
E*3,DQRPDOLHVLQWKHSHDNVHDVRQFRPSDUHG
to climatological mean.
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LVDERXWZKLFKLVQRWVWDWLVWLFDOO\VLJQL¿FDQWDWD
FRQ¿GHQFHOHYHO)XUWKHUDQDO\VLVLQGLFDWHVWKDW
the annual TC frequency during the peak season over 
WKH:13EDVLQIRUWKHSHULRGKDVDZHDN
FRUUHODWLRQZLWKWKH*3,¿JXUHQRWVKRZQVXJJHVWLQJ
WKDWRWKHUIDFWRUVEH\RQGWKHIRXUYDULDEOHVLQ*3,PD\
play a role in modulating TC frequency. 
7RIXUWKHUXQGHUVWDQGWKHLQÀXHQFHRIODUJHVFDOH
HQYLURQPHQWDO¿HOGVRQWKH7&DFWLYLW\LQWKH
large-scale environmental conditions during the 
SHDNVHDVRQDUHFRQWUDVWHGIRUWZRH[WUHPH\HDUV
LVWKHPRVWLQDFWLYH\HDU7&VDQG
is the most active year (28 TCs). Recently, Peng 
et aO  GHYHORSHG WKH ER[ GLIIHUHQFH LQGH[
%',PHWKRGRORJ\ZKLFKFDQTXDQWLWDWLYHO\GH-
WHUPLQHZKLFKSDUDPHWHUDWZKLFKOHYHOLVEHVWLQ
distinguishing developing and non-developing dis-
WXUEDQFHJURXSV8VLQJWKH%',PHWKRGWKHUHODWLYH
importance of environmental factors affecting TC 
JHQHVLVRYHUWKH:13EDVLQLVDVVHVVHGFRPSDULQJ
DQH[WUHPHKLJK7&QXPEHUIRUDQGDQH[WUHPH
ORZ7&QXPEHUIRU7KHGH¿QLWLRQRIWKH%',
LQGH[LVDVIROORZV
19942010
19942010
-
-MM
BDI =  (3)
where 02010 and į2010 represent the mean and standard 
GHYLDWLRQVRIWKHYDULDEOHVIRUWKH7&JHQHVLVRYHU
the peak season during 2010. The corresponding pa-
UDPHWHUVIRUDUHUHSUHVHQWHGE\0 and į. 
7KHVLJQRIWKH%',UHÀHFWVWKHSK\VLFDOQDWXUHRI
DYDULDEOHWKHPDJQLWXGHRIWKH%',PHDVXUHVKRZ
ZHOO WKHYDULDEOHFDQGLIIHUHQWLDWHEHWZHHQWKH7&
JHQHVLVLQDQG0RUHGHWDLOVFDQEHIRXQG
in Peng et aO (2012).
7DEOH,VKRZVWKHVRUWHGOLVWRILPSRUWDQWJHQHVLV
SDUDPHWHUVIRUWKH:13EDVLQDQGWKHFRUUHVSRQGLQJ
%',YDOXHV7KHUHVXOWVLQ7DEOH,LQGLFDWHWKDWWKH
YHUWLFDOZLQGVKHDUDQGWKHK3DGLYHUJHQFHDUH
the most important parameters to differentiate TC 
JHQHVLVEHWZHHQDQG6HFRQGLQLPSRU-
tance are the 200 hPa divergence and deep layer mean 
DLU WHPSHUDWXUH IROORZHGE\ WKH K3D UHODWLYH
vorticity. Last in importance appear SST, OLR, sea 
OHYHOSUHVVXUH6/3K3DUHODWLYHKXPLGLW\DQG
UDLQUDWH7KHUHVXOWVLQWKLVWDEOHFOHDUO\LQGLFDWHWKDW
dynamic factors are more important in differentiating 
WKH7&IRUPDWLRQRYHUWKH:13EDVLQEHWZHHQ
DQG$OWKRXJKDUHPDUNDEOH667GLIIHUHQFHFDQ
EHIRXQGEHWZHHQDQGDUDWKHUXQLIRUP
SST zonally in the warm-pool region is characteristic 
RIWKH:13EDVLQZKLFKLVIDYRUDEOHIRU7&JHQHVLV
Therefore, the relative importance of SST and other 
WKHUPRG\QDPLFDOIDFWRUVEHWZHHQWKHDQG
LVQRWVLJQL¿FDQW
The importance of dynamical factors in differen-
WLDWLQJ7&IRUPDWLRQEHWZHHQDQGPD\EH
OLQNHGWRWKHUHPDUNDEOHGLIIHUHQFHRIPRQVRRQÀRZV
LQWKH:13EDVLQEHWZHHQWKRVH\HDUV$SURQRXQFHG
PRQVRRQÀRZLVIRXQGLQZKLFKGLIIHUVVLJ-
QL¿FDQWO\IURPWKHPRQVRRQUHWUHDWZHVWZDUGGXULQJ
2010 ()LJ7KLVPRQVRRQFLUFXODWLRQFRQWULEXWHV
to a more pronounced large-scale convergence and 
KRUL]RQWDOVKHDUDVVRFLDWHGZLWK7&V)LJXUHVKRZV
WKDWDZHOOHVWDEOLVKHGPRQVRRQWURXJKLVSUHVHQWDW
K3DLQZKLOHDZHDNHUPRQVRRQWURXJK
is seen in 2010. Note that TCs always develop in 
an environment where low-level cyclonic vorticity 
LVVWURQJDQGWKHUHLVDSRVVLELOLW\WKDWWKHVHDVRQDO
mean cyclonic vorticity over the monsoon trough is 
SURGXFHGE\7&VWKHPVHOYHV7RWHVWVXFKSRVVLELO-
LW\ZHH[DPLQHWKHVHDVRQDOPHDQYRUWLFLW\¿HOGLQ
ZKLFKWKHLQÀXHQFHIURP7&VKDVEHHQUHPRYHG7KH
LQÀXHQFHRI7&VLVUHPRYHGIROORZLQJ:XDQG&KX
DQGZHFRQVLGHUDSHULRGGXULQJWKHSUHVHD-
VRQ-XQ-XOZKHQQR7&VIRUPHGLQWKH:13
EDVLQ)LJXUHVKRZVWKHZLQGSDWWHUQVDWK3DIRU
DQGGXULQJWKHSUH7&VHDVRQ'XULQJWKH
SUHVHDVRQLQWKHPRQVRRQWURXJKDQGF\FORQLF
YRUWLFLW\ LV REVHUYHG VRXWKHDVWZDUG DSSURDFKLQJ
 ()LJD,QFRQWUDVWLQWKHPRQVRRQ
WURXJKLVQRWREVHUYHGDQGF\FORQLFYRUWLFLW\LVYHU\
ZHDN)LJE7KXVLWEHFRPHVHYLGHQWWKDWZLWKRXW
WKHLQÀXHQFHIURP7&DFWLYLW\F\FORQLFYRUWLFLW\LV
7DEOH,5DQNVRIJHQHVLVSDUDPHWHUVLQWKH:13DQGWKHLU
FRUUHVSRQGLQJER[GLIIHUHQFHLQGH[%',
9DULDEOHQDPH %',
K3DGLYHUJHQFH ±
9HUWLFDOZLQGVKHDU 
'HHSOD\HUPHDQDLUWHPSHUDWXUH –0.48
200 hPa divergence 
K3DUHODWLYHYRUWLFLW\ 0.34
Rain rate 
OLR (outgoing long-wave radiation) 0.20
SLP (sea level pressure) ±
SST (sea surface temperature) –0.13
K3DUHODWLYHKXPLGLW\ –0.03
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closely related to the monsoon trough during the 
pre-season period. Assuming that the atmospheric 
VWDWHLVSHUVLVWHQW7&VKDGYHU\OLPLWHGLQÀXHQFHRQ
the seasonal mean cyclonic vorticity over the WNP 
LQHLWKHURU7KHUHIRUH7&LQÀXHQFHRQ
WKHVHDVRQDOPHDQYRUWLFLW\¿HOGLVLQVLJQL¿FDQWDQG
WKHUHVXOWVREWDLQHGDERYHVKRXOGEHUREXVW
 7KHHIIHFWRI0-2RQ7&QXPEHUVLQ
Previous studies have shown that the intraseasonal 
7&DFWLYLW\LVVLJQL¿FDQWO\UHODWHGWRWKH0-2DFWLYLW\
/LHEPDQQet aO+DUU.LPet aO, 2008). 
:HHYDOXDWHQRZWKHSRVVLEOHLPSDFWRI0-2DFWLYLW\
in the 2010 season through the analysis of the OLR as 
DSUR[\IRUFRQYHFWLYHDFWLYLW\LQWKHWURSLFV3RVLWLYH
OLR anomalies indicate suppressed convection and 
negative anomalies correspond to active convection. 
A time-longitude cross-section of the OLR anomalies 
IRULVVKRZQLQ)LJXUH7KH0-2DFWLYLW\LV
HYLGHQWIURP-DQXDU\WRPLG)HEUXDU\DVDQRPDORXV
convection propagates from the eastern Indian Ocean 
across the Maritime Continent to the equatorial cen-
WUDOHDVWHUQ3DFL¿F'XULQJWKHSHDNVHDVRQRI
ZH¿QGPRVWSRVLWLYH2/5DQRPDOLHVIURPWKHHDVW
of 120( WR WKH ,QWHUQDWLRQDO'DWHOLQH DVVRFLDWHG
with a very weak sign of eastward propagation. In 
FRQWUDVWLQ2/5DQRPDOLHVH[WHQGHGWR E 
with strong evidence of eastward propagation.
Several studies have suggested that cyclogenesis 
LQWKH:13EDVLQRIWHQRFFXUVLQDVVRFLDWLRQZLWK
V\QRSWLFVFDOHFRQYHFWLYHGLVWXUEDQFHV0F%ULGHDQG
=HKU5LWFKLHDQG+ROODQG6FKUHFNet aO, 
2011, 2012). Thus, we evaluate here the role of these 
FRQYHFWLYHGLVWXUEDQFHVRQ7&JHQHVLVLQDQG
7KHWLPHORQJLWXGHFURVVVHFWLRQVRIWKH
GD\¿OWHUHG2/5DQRPDOLHVDYHUDJHGEHWZHHQ 
1DUHSORWWHGLQ)LJIRUWKHSHDNVHDVRQLQ
DQG,QERWKSDQHOVHDFKFRQYHFWLYHGLVWXUEDQFH
SDVVLQJRYHUWKHF\FORJHQHVLVUHJLRQEHWZHHQ(
and 140(FRXOGEHWUDFHGEDFNDWOHDVWWRE. 
1RWHWKDWHDFK7&IRUPDWLRQGHQRWHGE\WKHFORVHG
GRW LV SUHFHGHG E\ VXFK DZHVWZDUG SURSDJDWLQJ
V\QRSWLFVFDOHGLVWXUEDQFH%DVHGRQWKHVHIHDWXUHV
ZHVXJJHVWWKDWWKHGD\FRQYHFWLYHGLVWXUEDQFHV
propagating from the east of the main development 
UHJLRQRIWKH:13EDVLQDUHWKHRQHVUHODWHGWRWKH
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)LJ2EVHUYHGZLQG¿HOGV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PV–1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-XQ-XO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D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PRUHDFWLYHFRQYHFWLRQLQ7KHVHIHDWXUHVRYHU
WKH:13EDVLQDUHVLPLODUWRVRPHUHSRUWHGRYHUWKH
HDVWHUQ3DFL¿FE\0ROLQDULet aO (2000) and Wu and 
&KX
ENSO is known to alter the characteristics of 
WKH0-2DQGLVDVWURQJ/D1LxD\HDU6WXGLHV
KDYHVKRZQWKDWWKH0-2UHODWHGFRQYHFWLYHDFWLYLW\
HDVWRIWKHGDWHOLQHLVHQKDQFHGGXULQJ(O1LxR\HDUV
(Hendon et aO.LPet aO, 2008; Chand and 
:DOVK+RZHYHUFDXWLRQVKRXOGEHWDNHQVLQFH
WKLV0-27&UHODWLRQVKLSLVQRWDEVROXWHO\DFFXUDWH
DQG7&DFWLYLW\PD\VWLOOEHSUHVHQW LQXQIDYRUDEOH
FRQGLWLRQVOLNHLQDFWLYH0-2DQGGHYHORSLQJ/D1Lxa 
episodes (Ching et aO, 2010). The actual mechanism 
E\ZKLFK WKH0-2PRGXODWHV WURSLFDOF\FORJHQHVLV
under ENSO conditions still remains unclear. For the 
LQDFWLYH0-2SKDVHVVXFKDV LQ WKHSRVVLEOH
PHFKDQLVPVKRXOGEHLQYHVWLJDWHGLQWKHIXWXUH
 ,PSDFWRIWURSLFDO,QGLDQ2FHDQZDUPLQJRQ
7&QXPEHUVLQ
The SST anomalies in the tropical Indian Ocean 
KDYHUHFHQWO\EHHQSURSRVHGWRSOD\DQLPSRUWDQW
UROHLQWKHGHYHORSPHQWRIWKHVWURQJ(O1LxR
\HDU LQ WKH3DFL¿F2FHDQ*LYHQ WKDW7&DFWLYLW\
VXFKDVJHQHVLVORFDWLRQVDQGODQGIDOOVFDQEHPRG-
XODWHGE\(162LWLVSODXVLEOHWKDWWKHZDUPLQJLQ
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Fig. 8. Time-longitude section of anomalous OLR (with a 
GD\¿OWHUDSSOLHGXQLW:P–2DYHUDJHGEHWZHHQ
 1IRUDDQGEUHVSHFWLYHO\7KH
EODFN GRWV FRUUHVSRQG WR LQGLYLGXDO F\FORJHQHVLV
events..
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WKH WURSLFDO ,QGLDQ2FHDQPD\H[HUW LWV LQÀXHQFH
on TC climatology in the WNP (Klein et aO
Wang et aO, 2003; Izumo et aO;LHet aO, 
'Xet aO=KDQet aODE
In particular, Zhan et aODELQYHVWLJDWHGWKH
FRQWULEXWLRQRI(162DQGHDVWHUQ,QGLDQ2FHDQ667
RQ7&FOLPDWRORJ\LQWKH:13EDVLQDQGIRXQGWKDW
the effect of the eastern Indian Ocean is seen pri-
PDULO\RQZHDN7&VZLWKVXVWDLQHGPD[LPXPZLQG
VSHHGPV–1EDVHGRQVLPXODWLRQVDQGREVHU-
vations. Klein et aOSRLQWHGRXWWKDW(O1LxR
WHOHFRQQHFWLRQVLQGXFHDUREXVWEDVLQZLGHZDUP-
ing over the tropical Indian Ocean, which persists 
WKURXJKWKHQH[WVXPPHUZKLOH(O1LxRLWVHOIKDV
GLVVLSDWHGLQWKHHTXDWRULDO3DFL¿F'Xet aO
'Xet aO (2011) further suggested that the tropical 
,QGLDQ2FHDQWHOHFRQQHFWLRQLVDFFRPSOLVKHGE\D
warm atmospheric Kelvin wave propagating into 
WKH:13EDVLQDQGVXSSUHVVLQJ7&DFWLYLW\LQWKH
VXPPHUIROORZLQJDQ(O1LxR\HDUZKLFKLVDOVR
FRQVLVWHQWZLWKZHDN0-2DFWLYLW\GXULQJWKHSHDN
season of 2010 relative to other years. 
As demonstrated in previous studies and our 
statistical analyses presented in Section 3, there is 
QR UREXVW FRUUHODWLRQ EHWZHHQ7& DFWLYLW\ LQ WKH
WNP and ENSO events. The implication is that the 
VWURQJ/D1LxDFRQGLWLRQLVQRWVXI¿FLHQWWRFDXVH
WKHH[WUHPHO\ORZ7&QXPEHUVREVHUYHGLQ
1RZWKHTXHVWLRQLVEHVLGHVWKHORZ0-2DFWLYLW\
what mechanism might have led to the low TC 
QXPEHUVLQ",QWKHSHDNVHDVRQRI
7&VIRUPHGLQWKH:13EDVLQDQG¿YHRIWKHPZHUH
intense TCs. In contrast, 13 TCs formed in the same 
period of 2010 and only two of them were intense 
7&VLQWKH:13EDVLQ,QWKHUHJLRQRIWKH6RXWK
China Sea, more TCs were found in 2010 (four TCs) 
WKDQLQWKUHH7&V'Xet aO (2011) also noted 
DGHFUHDVHLQ7&QXPEHUVLQVXPPHUFRPSDUHGWR
WKHIROORZLQJ(O1LxRVXPPHURYHUWKH:13QRW
LQFOXGLQJ6&6DQGDQLQFUHDVHLQ7&QXPEHURYHU
the South China Sea. Following the argument of 
'Xet aO (2011), we note that very high SSTs are 
REVHUYHG)LJDLQWKHWURSLFDO,QGLDQ2FHDQLQ
 VHFRQG KLJKHVW LQ ZKLFK FRXOG EH
related to the low TC activity in 2010. Moreover, 
an anomalous anticyclone develops over the WNP 
EDVLQ)LJDZLWKHDVWHUO\DQRPDOLHVVWUHWFKLQJ
IURPWKH%D\RI%HQJDOWRWKH,QWHUQDWLRQDO'DWHOLQH
and the associated weakening of the monsoon trough 
)LJV E DQGE7KH VXPPHU DQWLF\FORQHKDG
EHHQQRWHGLQSUHYLRXVVWXGLHV:DQJet aO, 2003) 
and the associated weakening of the southwesterly 
monsoon wind causes a pronounced warming over 
WKHZHVWHUQSDUWRIWKH:13EDVLQHVSHFLDOO\LQWKH
UHJLRQRIWKH6RXWK&KLQD6HD)LJE,QDGGLWLRQ
WKHWURSLFDO,QGLDQ2FHDQLQÀXHQFHSHUVLVWVLQWRWKH
)LJ'LIIHUHQFHRIHQYLURQPHQWDO¿HOGVLQFRPSDUHGWRWKHFOLPDWRORJLFDOPHDQD667VKDGLQJXQLWC), 
K3DZLQGYHFWRUVXQLWPV–1) and vertical wind shear (contours, unit: ms–1EK3DUHODWLYHYRUWLFLW\XQLW
10± s–1); (c) 200 hPa divergence (unit: 10± s–1DQGGK3D2PHJDXQLW3*Pa s–1).
14
11
8
5
2
0
–2
–5
–8
–11
0.75
0.6
0.45
0.3
0.15
0
–0.15
–0.3
–0.45
–0.6
14
11
8
5
2
0
–2
–5
–8
–11
14
11
8
5
2
0
–2
–5
–8
–11
30N
(a) (b)
(c) (d)
15N
15S
60E 590E 120E 150E 180 60E 90E 120E 150E 180
60E 90E 120E 150E 180 60E 90E 120E 150E 180
EQ
30N
15N
15S
EQ
30N
15N
15S
EQ
30N
15N
15S
EQ
362 H. Zhao and G. B. Raga
summer and sustains atmospheric anomalies after El 
1LxRLWVHOILVJRQHFKDUDFWHUL]HGE\D0DWVXQR*LOO
SDWWHUQLQWKHXSSHUWURSRVSKHUH)LJVFDQGF
DOVRQRWHGE\<DQJet aO'XULQJWKHVXPPHU
RIIROORZLQJDVWURQJ(O1LxR\HDULQ
the tropical Indian Ocean warming is the main 
SRVVLEOHFXOSULWIRUWKHDQRPDORXVDQWLF\FORQHDQG
VXSSUHVVHGFRQYHFWLRQRYHU WKH VXEWURSLFDO:13
EDVLQ)LJVGDQGG:HDOVRIRXQGDGHFUHDVH
in vertical wind shear over the South China Sea with 
an increase in shear over the WNP (not including 
6&6EDVLQ7KLVSDWWHUQLVSRVVLEO\OLQNHGWRDZDUP
WURSRVSKHULF.HOYLQZDYHH[FLWHGE\ZHVWHUO\VWUHVV
DQRPDOLHVZKLFKLVLQGXFHGE\WKHWURSLFDO,QGLDQ
Ocean warming and that propagates into the WNP. 
Inducing surface divergence off the equator, the tro-
pospheric Kelvin wave suppresses convection and 
induces an anomalous anticyclone over the WNP. 
Both the suppressed convection and anticyclonic 
DQRPDOLHVDUHXQIDYRUDEOHIRUWURSLFDOF\FORJHQHVLV
in the region (Fig. 11). The westerly vertical shear 
associated with the warm Kelvin wave reduces the 
magnitude of the vertical shear in the South China 
Sea and strengthens it in the WNP (not including 
SCS). Such an east-west variation in vertical wind 
shear causes TC activity to increase in the South 
China Sea (especially in the southern part) and to 
decrease in the WNP (not including SCS). 
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YHFWRUVXQLWPV–1) and vertical wind shear (contours, unit: ms–1E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XQLW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10± s–1); (c) 200 hPa divergence (unit: 10± s–1DQGGK3D2PHJDXQLW3*Pa s–1).
)LJ9HUWLFDOFURVVVHFWLRQRIYZDQRPDOLHVDYHUDJHG
EHWZHHQ (IRUDDQGEUHVSHF-
tively. Shading indicates vertical velocity (unit: Pa s–1) 
and vectors represents the wind (unit: ms–1) averaged 
EHWZHHQ E.
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,WLVLQWHUHVWLQJWR¿QGWKDWWKHODUJHVFDOHFRQGL-
WLRQVLQDUHWKHPLUURULPDJHRIWKRVHLQ
In other words, the tropical Indian Ocean cooling may 
EHDQLPSRUWDQWIDFWRUIRUKLJK7&QXPEHUVLQ
However, note that the SST over the tropical Indian 
2FHDQLQLVQRWWKHORZHVWHYHUUHFRUGHGQRU
it is the highest in 2010, which indicates that other 
factors also affect the annual TC frequency over the 
:13EDVLQ
 6XPPDU\DQGGLVFXVVLRQV
7KHHIIHFWRIVHYHUDOODUJHVFDOHIDFWRUVRQWKHH[-
WUHPHO\ORZWURSLFDOF\FORJHQHVLVVHDVRQREVHUYHG
LQ RYHU WKH:13EDVLQ LV H[DPLQHG LQ WKLV
VWXG\8VLQJWKH*3,LQGH[SURSRVHGE\(PDQXHO
DQG1RODQ  WKH LQÀXHQFH RI IRXU IDFWRUV
on TC genesis is investigated for 2010, following 
Camargo et aO:H¿QGWKDWWKH*3,FDQWR
VRPHH[WHQWUHSUHVHQWWKHVSDWLDOGLVWULEXWLRQRI7&
IRUPDWLRQEXWLWFDQQRWH[SODLQWKHH[WUHPHO\ORZ
7&IUHTXHQF\RI+HQFHDEHWWHU7&JHQHVLV
LQGH[ VKRXOG EH GHYHORSHG LQ D IXWXUH VWXG\1R
UREXVWUHODWLRQVKLSLVIRXQGEHWZHHQ7&QXPEHUDQG
ENSO, in agreement with previous studies (Chan, 
/DQGHU:DQJDQG&KDQ=KDR
et aO  )XUWKHU EDVHG RQ WKH%',PHWKRG
SURSRVHGE\3HQJet aO (2012), dynamic factors are 
IRXQG WREHPRUH LPSRUWDQW LQGLIIHUHQWLDWLQJ WKH
7&IRUPDWLRQRYHU WKH:13EDVLQEHWZHHQ
DQG,WPD\EHPDLQO\GXHWRWKHUHPDUNDEOH
GLIIHUHQFHLQPRQVRRQÀRZVLQWKH:13EDVLQEH-
WZHHQDQG
7KHSHDN VHDVRQRIZDV FKDUDFWHUL]HGE\
ZHDN0-2DFWLYLW\ZKLFKLVNQRZQWRPRGXODWH7&
DFWLYLW\LQWKHEDVLQ3UHYLRXVVWXGLHVVXJJHVWHGWKDW
DZHDNHQHG0-27&UHODWLRQVKLSDQGDQHQKDQFHG
UHODWLRQVKLSDUHIRXQGGXULQJGHYHORSLQJ/D1LxDDQG
(O1LxR\HDUVUHVSHFWLYHO\7KHORZHVW7&IUHTXHQF\
REVHUYHGGXULQJLVSRVVLEO\DVVRFLDWHGZLWKXQ-
IDYRUDEOHHQYLURQPHQWDOFRQGLWLRQVDQGZHDN0-2
DFWLYLW\KRZHYHUWKHSK\VLFDOPHFKDQLVPUHVSRQVLEOH
for the lowest recorded TC frequency in 2010 remains 
XQFOHDUDQGVKRXOGEHLQYHVWLJDWHGLQWKHIXWXUH
7KH LQÀXHQFH RIZDUP667 DQRPDOLHV LQ WKH
tropical Indian Ocean during the peak TC season 
DSSHDUV WREHWKHPRVW LPSRUWDQWIDFWRU OHDGLQJWR
low TC frequency in 2010. The statistical analyses 
for the 2010 peak season including the oceanic and 
DWPRVSKHULFFRQGLWLRQVFRPSDUHGZHOOZLWK'Xet 
aO (2011) and Zhan et aODEDQGUHODWHWR
WKHSUHVHQFHRIDQDQWLF\FORQHRYHUWKH:13EDVLQ
and associated with the westward tilt of the monsoon 
WURXJK FDXVHGE\ WKHZDUP WURSLFDO ,QGLDQ2FHDQ
SST anomalies. 
$VD¿QDOFRPPHQW DOVRQRWH WKDW WKH3DFL¿F
'HFDGDO2VFLOODWLRQ 3'2 SKDVH KDV WXUQHG GH-
cidedly more negative (not shown) and two strong 
/D1LxD HYHQWV KDYH HYROYHG VLQFH ZKLFK
LQGLFDWHVWKDWWKH3'2PD\KDYHDOVRFRQWULEXWHG
to low TC genesis in 2010 (Maue, 2011). While we 
KDYHQRWHGWKHSRVVLEOHLQÀXHQFHVRIVHYHUDOIDFWRUV
it still remains unclear which are the atmospheric 
DQG RFHDQLFPHFKDQLVPV UHVSRQVLEOH IRU WKH RE-
VHUYHGH[WUHPHO\ORZ7&DFWLYLW\LQ$PRUH
quantitative analysis and numerical simulations 
VKRXOGEHFDUULHGRXWLQWKHIXWXUH,WLVQRWHZRUWK\
that 2010 was also a record low year in terms of 
7&IUHTXHQF\LQWKHHDVWHUQ3DFL¿FEDVLQ7KHUROH
RI667LQWKHGLIIHUHQWEDVLQVVKRXOGEHH[SORUHG
as they may relate to the low TC frequency during 
WKURXJKRXWWKH3DFL¿F
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